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. C* Grothendieck
; $K>0$ , $A,$ $B$ $c*$ - , $u:A\cross Barrow \mathbb{C}$
, ( , $b_{i}$ ) $\subseteq A\cross B$




. $B_{f}’ F^{1},$ $G$ , $u:E\cross F’arrow G$ . $u$
– 2 .
1.1. $u:\mathrm{A}^{1}\cross F’arrow G$ , C*- $B_{1},$ $B_{2}$
,
$(u)_{B_{1},B_{4}},$ : $B^{1}\otimes_{\min}B_{1}\cross F^{1}\otimes_{\min}B_{2}arrow G\otimes_{\min}B_{1}$
$(u)_{B_{1},B_{2}}(e\otimes b_{1},f\otimes b_{2})=u(e, f)\otimes b_{1}\otimes b_{2},$ $e\in E,$ $f\in F,$ $b_{1}\in B_{1},$ $b_{2}\in B_{2}$
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.$||u||_{jcb}= \sup_{n\geq 1}||(u)_{M_{n},M_{n}}||$




12. $u:E\cross Farrow G$ , $n\in \mathrm{N}$ ,
$u_{n}$ : $M_{n}(\mathrm{A}’)\cross M_{n}(F^{1})arrow M_{n}(G)$






1.1. $u:E\cross Farrow G$ , C*- $A$
$u_{A}$ : $E\otimes_{\min}A\cross F\otimes_{\min}Aarrow G\otimes_{\min}A$







$u:B^{l}\cross F^{1}arrow G$ , ${}^{t}u:F^{1}\cross Earrow G$ .




12. $A,$ $B$ $c*$ - , $B’\subseteq A,$ $F’\subseteq B$ , $u:B’\cross F’arrow \mathbb{C}$
, $\alpha_{1},$ $\alpha_{2},$ $\theta_{1},$ $\theta_{2}\geq 0$ . , .
(i) $A$ $f1,$ $f_{2}$ $B$ 91, g2 $a\in E,$ $b\in F^{1}$
$|u(a,b)|\leq[\alpha_{1}f_{1}(a^{*}a)+\alpha_{2}f_{2}(aa^{*})]^{1/2}[\theta_{1\mathit{9}1}(b^{*}b)+\theta_{2}g_{2}(bb^{*})]^{1/2}$
.




. $(\mathrm{i})\Rightarrow(\mathrm{i}\mathrm{i})$ Cauchy-Schwarz . ,




. $f1,$ $f_{2}$ 91, 92 .
. $S_{1},$ $S_{2}$ $A^{*},$ $B^{*}$





$s=(s_{1}^{1}, s_{1}^{2}, s_{2}^{1}, s_{\mathit{1}}^{2}’. )\in S’$.
. (1) , $S$ . $K_{+}$
$\Psi((a‘),(b_{i}))$ $C(S)$ , $C(S)$ . $-$
, $K_{-}$ $C(S)$ , $K_{+}$
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$K_{-}$ , Hahn-Banach $S$ $\mu$
$a\in E,$ $b\in F$
$\int_{S}(\alpha_{1}s_{1}^{1}(a^{*}a)+\alpha_{2}s_{1(\emptyset a^{*})+\theta_{1^{S}2}(b^{*}b)}^{21}$
$+\theta_{2}s_{2}^{2}(bb^{*})-2|u(a, b)|)d\mu(s)\geq 0$
. $i=1,$ $‘ \mathit{2}$
$f_{i}(a)= \int_{S}s_{1}^{i}(a)d\mu(s),$ $a\in A$
$g_{i}(b)= \int_{S}s_{2}^{i}(b)d\mu(s),$ $b\in B$
,
$2|u(a,b)|\leq\alpha_{1}f_{1}(a^{*}a)+\alpha_{2}f_{2}(aa^{*})+\theta_{1}g_{1}(b^{*}b)+\theta_{2\mathit{9}2}(bb^{*})$
. $\lambda>0$ $a,$ $b$ $\lambda a,$ $\lambda^{-1}b$
, $\lambda>0$ , (i) .
Haagerup
. $E,$ $F$ Haagerup




. $G=\mathbb{C}$ Hilbert $H$
$\sigma_{1}$ : $Earrow B(H, \mathbb{C})=\overline{H}_{r},$ $\sigma_{2}$ : $F^{1}arrow B(\mathbb{C}, H)=H\text{ }$ $u(a, b)=$
$\sigma_{1}(a)\sigma_{2}(b)$ $||u||_{\text{ }b}=||\sigma_{1}||_{\mathrm{c}b}||\sigma_{2}||_{cb}$ .
$\tilde{u}:Earrow p\uparrow*$
$\tilde{u}=\sigma_{2}^{*}\sigma_{1}$ .






. Haagerup , $E$ $F$
. $u:E^{*}\otimes F^{*}arrow \mathbb{C}$ $w$ ,
$E\otimes_{h}F’=(E^{*}\otimes_{h}F^{*}’)^{*}$ $||u||_{cb}=||w||_{h}$ , Hilbert
$H$
$\psi_{1}$ : $E^{*}arrow B(H, \mathbb{C})=\overline{H}^{r}$




$\sum_{i}e_{1i}\otimes a_{i}\in B(H, \mathbb{C})\otimes E$





$||w||=|| \sum_{i}$ a:$a_{i}^{*}||^{1/2}|| \sum_{i}b^{*}.\cdot b_{i}||^{1/2}$
(2) $(a:, b_{i})$ . $r$ $\tilde{w}$ : $E^{*}arrow F^{1}$ ,




$| \alpha|c=||\sum_{:}a_{i}^{*}a_{i}||^{1/2}$ , $| \alpha|_{R}=||\sum_{i}a_{i}a^{*}.\cdot||_{1}^{1/2},$ ,
$| \beta|_{C}=||\sum_{i}b_{1}^{*}.b_{i}||^{1/2}$ , $| \beta|_{R}=||\sum_{i}b_{i}b_{i}^{*}||^{1/2}$
. $\gamma$ : $arrow\ell_{2}^{r}$
$|\gamma\alpha|c\leq|\alpha|c)$ $|\gamma\alpha|_{R}\leq|\alpha|_{R}$ ,
$|\beta\gamma|_{C}\leq|\beta|_{C}$ , $|\beta\gamma|_{R}\leq|\beta|_{R}$
. $(a:)_{i\leq r}$ $(b_{i})_{i\leq r}$ – . $||\cdot||_{h}$
$\alpha_{1}$ : $E^{*}arrow$ $\beta_{1}$ : $l_{2}^{f}arrow F^{1}$ $\tilde{w}=\beta_{1}\alpha_{1}$ $|\alpha_{1}|c|\beta_{1}|_{R}=||\sim||_{h}$
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. $(a_{i}, b_{i})$ – , $\ell_{2}^{r}$, $\gamma$ $\delta$
$\alpha_{1}=\gamma\alpha,$ $\beta_{1}=\beta\delta$
. $\beta_{1}\alpha_{1}=\beta\alpha$ $\gamma\delta=I$ . $\gamma$










Grothendieck $c*$ - WEP
2 .
1.3. C*- $A$ WEP (weak expectation property) ,
Hilbert $H$ $Aarrow A^{**}$ $B(H)$
. Kirchberg C*- $A$ WEP
;
$A\otimes_{\min}C^{*}(\mathrm{F}_{\infty})=A\otimes_{\max}C^{*}(\mathrm{F}_{\infty})$ .
, C*- $A$ QWEP , $A$ WEP C*-
.
14. $X$ . $X$ , C*- $B$
1 ,
$\prime \mathit{1}’$ : $(X\otimes_{\min}B)/(X\otimes_{\min}l)arrow X$. $\otimes_{\min}(B/I)$
. , $X$ $ex(X)$
$ex(X)= \sup||’\mathit{1}^{\tau-1}||$
19
. , C*- $B$ $I$
. $B=B(\ell_{2}),$ $I=K(P_{2})$
, $X$ $ex(X)$ .
$E$ , $\epsilon$ $t\in \mathrm{A}^{1}\otimes(B/I)$ , $t$
$\hat{t}\in E\otimes B$ $||\hat{t}||_{\min}\leq(1+\epsilon)ex(E)||t||_{\min}$ . ,
$t= \sum_{i}e_{i}\otimes(b_{i}+\mathit{1})$
$T^{-1}(t)= \sum_{i}e_{i}\otimes b_{i}+E\otimes I$
, $E\otimes B$ $\hat{t}$ .
2 Grothendieck
21. $E,$ $F$ , $C=ex(E)ex(F)$ . $A_{1},$ $A_{2}$
C* – QWEP . $u:b’\cross F^{1}arrow\backslash B(H)$
, $(a_{i},\hat{x}_{i})\subseteq \mathrm{A}’\cross A_{1}$
$(b_{jy_{j}},)\subseteq F^{1}\cross A_{l}$, ,
$|| \sum_{\iota’,j}u(a_{i}, b_{j})\otimes x_{i}\otimes y_{j||_{B(H)\otimes_{\dot{\mathrm{r}}\mathrm{n}}(A_{1}\otimes_{\max}A_{l})}}$
‘




. $A_{1}$ QWEP , WEP C*- $B_{1}$ $\mathit{1}_{1}$
$A_{1}=B_{1}/I_{1}$ . , $\max$ $A_{2}$
. $B_{2}=C^{*}(\mathrm{F}_{\infty})$ $I_{2}$ $A_{2}=B_{2}/I_{2}$
. $q_{i}$ : $B_{i}arrow A_{i}(i=1,2)$ . $B_{1}$ WEP
$B_{1}\otimes_{\min}B_{2}=B_{1}\otimes_{\max}B_{2}$
,
$||q_{1}\otimes q_{2}$ : $B_{1}\otimes_{\min}B_{2}arrow A_{1}\otimes_{\max}A_{2}||_{\mathrm{c}b}\leq 1$
. ,
$||\mathit{1}_{B(H)}\otimes q_{1}\otimes q_{2}$ : $B(H)\otimes_{\iota \mathrm{n}\mathrm{i}\mathrm{n}}B_{1}\otimes_{\min}B_{2}arrow B(H)\otimes_{\min}(A_{1}\otimes_{\max}A_{2}’)||\leq 1$
20
.$|| \sum_{i}a_{i}\otimes x_{i}||\sum_{j}b_{j}\otimes yj$ $\leq 1$
$\min$
. $t_{1}\in \mathrm{A}^{1}\otimes B_{1},$ $t_{2}\in F^{1}\otimes B_{2}$
$(I \otimes q_{1})(t_{1})=\sum_{:}a_{i}\otimes x_{i},$ $(I \otimes q_{2})(t_{2})=\sum_{j}b_{j}\otimes y_{j}$
$||t_{1}||_{\min}\leq ex(E),$ $||t_{2}||_{\min}\leq ex(F)$ .
$||(u)_{B_{1},B_{2}}(t_{1}, t_{2})||\leq||u||_{jcb}||t_{1}||_{\min}||t_{2}||_{\min}$
,
$(\mathit{1}_{B(H)}\otimes q_{1}\otimes q_{2})\mathrm{o}(u)_{B_{1},B_{2}}(t_{1},t_{2})=(u)_{A_{1},A_{2}}\circ(\mathit{1}\otimes q_{1},\mathit{1}\otimes q_{2})(t_{1}, t_{2})$
$|| \sum_{i,j}u(a_{1}’, b_{j})\otimes x_{i}\otimes y_{j||_{B(H\rangle\otimes_{\min}(A_{1}\otimes_{\mathrm{m}\cdot \mathrm{x}}A_{2})}}\leq C||u||_{jcb}$
von Neumann Fock
von Neumann . $H$ Hilbert
$\{e_{i}\}\cup\{e_{i}’\},$ $i\in I$ .
$\mathcal{F}(H)=\bigoplus_{n=0}^{\infty}H^{\otimes n}$
Fock . $F(H)$ $\Omega$ , $\varphi$
$\varphi(x)=\langle x\Omega, \Omega\rangle,$ $x\in B(F(H))$
. $\xi\in \mathcal{F}(H)$ , $\mathcal{F}(H)$ .
$l(\xi)(\eta)=\xi\otimes\eta,$ $r(\xi)(\eta)=\eta\otimes\xi$ .
$\lambda>0$ $C|(\lambda),$ $d_{i}(\lambda)$ .
$c_{i}(\lambda)=\lambda^{1/2}l(e_{i})+\lambda^{-1/2}p(e_{i}’)^{*},$ $d_{i}(\lambda)=\lambda^{1/2}r(e_{i}’)+\lambda^{-1/2}r(e_{i})^{*}$
22. $\lambda_{i}>0(i\in I)$ $x_{i}=\mathrm{c}_{i}(\lambda_{i}),$ $y_{i}=d_{i}(\lambda_{i})$ ,
.
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(i) $E$ $(a_{i})\subseteq E$
$|| \sum_{i}a_{i}\otimes x_{i}||\sum_{i}\lambda_{i}a_{i}^{*}a_{i}||\sum_{i}\lambda_{i}^{-1}a_{i}a_{i}^{*}||^{1/2}$
$|| \sum_{i}a_{i}\otimes y_{i}||\sum_{i}\lambda_{i}a_{i}^{*}a;||\sum_{i}\lambda_{i}^{-1}a_{i}a_{i}^{*}||^{1/2}$ ,
(ii) $xiyj=yjxi$ $\mathrm{B}>\text{ _{}X_{1}^{*}}\cdot yj=y_{j}x_{i}^{*}$,




$|| \sum_{i}$ $a: \otimes x_{i}||\sum_{i}\lambda^{1/2}ai:\otimes l(e_{i})||+||\sum_{i}\lambda^{-1/2}:a:\otimes\ell(e_{i}’)^{*||}$
$\leq$ $|| \sum_{i}\lambda_{i}a_{i}^{*}a_{i}||\sum_{i}\lambda_{i}^{-1}a_{i}a_{1}^{*}$. $||^{1/2}$ .
r .
(ii) (iii)
2.3. $\{x:\}_{i\in I}$ von Neumann $W^{*}(X: : i\in \mathit{1})$
QWEP .
Grothendieck .
2.4. $A,$ $B$ - , $E\subseteq A$ $F\subseteq B$ .
$C=ex(E)ex(F^{1})$ , $U$ : $E\cross F^{1}arrow \mathbb{C}$
$(a_{i}, b:)\subseteq E\cross F^{1}$ $\lambda>0$
$| \sum_{i}U(a_{i}, b_{i})|\leq C||U||_{j\mathrm{c}b}[||\sum_{:}\lambda_{i}a_{\dot{\iota}}^{*}a:||\sum_{i}\lambda_{i}^{-1}a_{i}a_{i}^{*}||^{1/2}]$
$[|| \sum_{:}\lambda_{i}b_{i}^{*}b:||\sum_{i}\lambda_{i}^{-1}b_{i}b_{i}^{*}||^{1/2}]$ (5)
.
$| \sum_{:}U(a_{i}, b_{i})|\leq 2C||U||_{j\mathrm{c}b}[||\sum_{i}a_{i}a^{*}.\cdot||^{1/2}||\sum_{i}b_{i}^{*}b_{1}||^{1/2}$
$+|| \sum_{i}a^{*}.\cdot a_{i}||^{1/2}||\sum_{i}b_{i}b_{i}^{*}||^{1/2}]$ (6)
22
.. $A_{1},$ $A_{2}$ $(x_{i})_{i\in I)}(y_{i})_{i\in I}$ von Neumann
. ,
$| \sum_{i}U(a_{i}, b_{i})|$ $=$ $| \sum_{i,j}U(a_{i}, b_{j})\langle x_{i}y_{j}\Omega,\Omega\rangle|$
$\leq$ $|| \sum_{i,j}U(a_{i}, b_{j})x_{\iota’}\otimes yj||_{A_{1}\otimes_{\mathrm{m}\mathrm{r}}A_{2}}$
$\leq$ $C||U||_{jcb}|| \sum_{i}a_{i}\otimes x_{i}||_{\min}||\sum_{i}b_{i}\otimes y_{i}||_{\min}$
. , 1 Lemma 2.2 (iii) , 2 Lemma 2.2 (ii)




2.5. $K=2^{3/2}C$ . $U:E\cross$
$Farrow \mathbb{C}$ , $A$ $f_{1}$ , $f_{A}$, $B$ $g_{1},$ $g_{2}$ ,
$(a, b)\in E\cross F$
$|U(a, b)|\leq K[(f_{1}(aa^{*})g_{1}(b^{*}b))^{1/2}+(f_{2}(a^{*}a)g_{2}(bb^{*}))^{1/2}]$ (7)
. ) (at, $b_{1}$ ) $\subseteq \mathrm{A}^{1}\cross F^{1}$ $\lambda_{:}>0$
$|. \sum_{i}U(a_{i}, b_{i})|\leq K[||\sum_{i}a_{i}a_{i}^{*}||^{1/2}||\sum_{i}b_{i}^{*}b_{i}||^{1/2}$
$+|| \sum_{i}\lambda_{i}a_{\dot{\iota}}^{*}a_{i}||^{1/2}||\sum_{i}\lambda_{i}^{-1}b_{i}b_{i}^{*}||^{1/2}]$ (8)








, $f1,$ $f_{2}$ $g_{1},$ $g_{2}$ , $\lambda>0$
$\sum_{i}|U(a_{i}, b_{i})|\leq C[\lambda f_{1}(a^{*}a)+\lambda^{-1}g_{1}(bb^{*})+\lambda^{-1}f_{2}(aa^{*})+\lambda g_{2}(b^{*}b)]$
.






, (7) . Cauchy-Schwarz (8) .







$(E\otimes_{h}F)^{*}$ $\varphi_{2}\in(F\otimes_{h}E)^{*}$ $K$ $w\in E\otimes F$
$\langle U,w\rangle=\varphi_{1}(w)+\varphi_{2}(^{t}w)$
. $u,$ $v$ $\varphi_{1},$ $\varphi_{2}$
, $||u||_{\mathrm{c}b}$ $||^{t}v||_{cb}$ $K$ $U=u+v$ .
24
2.6. $A,$ $B$ $c*$ - , $b^{1}\subseteq A,$ $F^{1}\subseteq B$ , $K=2^{3/2}ex(h^{1})ex(F^{1})$
. $U:E\cross F^{1}arrow \mathbb{C}$ $\hat{U}$ : $A\mathrm{x}Barrow \mathbb{C}$
$||\hat{U}||_{cb}\leq 2K||U||_{cb}$ .
. $\varphi_{1}\in(\mathrm{A}’\otimes_{h}F^{1})^{*},$ $\varphi_{2}\in(F’\otimes_{h}b^{1})^{*}$ 25
, Hahn-Banach $\Phi_{1}$ : $A\otimes_{h}Barrow \mathbb{C}$




2.7. $A,$ $B$ $c*$ - , $E\subseteq A,$ $F\subseteq B$ , $C=ex(E)ex(F)$
. ’1’: $Earrow F^{1*}$ Hilbert $H,$ $K$
$v:Earrow H_{r}\oplus K_{c}$
$w:H_{r}\oplus K_{\mathrm{c}}arrow F^{r*}$
’1’ $=wv$ $||w||_{\mathrm{c}b}||v||_{\mathrm{c}b}\leq 2^{5/2}C||’\mathit{1}’||_{\mathrm{c}b}$ .
. $u:E\cross Farrow \mathbb{C}$ ’11 , 26
$u$ $u=u_{1}+u_{2}$ $\max\{||u_{1}||_{\mathrm{c}b}, ||^{t}u_{2}||_{\mathrm{c}b}\}\leq 2^{3/2}C||u||_{jcb}$
. $u_{i}(i=1,2)$ $\tilde{u}_{i}$ : $\mathrm{A}’arrow F^{1*}$
$\tilde{u}_{1}$ : $E^{\alpha\beta_{1}}\lrcorner H_{r}arrow F^{\tau*}$
$\tilde{u}_{2}$ : $E^{\alpha_{l}\beta_{2}}arrow.K_{c}arrow F^{1*}$
$\text{ }.\max\{||\alpha_{1}||_{\mathrm{c}b}||\beta_{1}||_{cb}, ||\alpha_{2}||_{cb}||\beta_{2}||_{cb}\}\leq 2^{3/2}C||u||_{j\mathrm{c}b}\mathrm{B}>- 0||\alpha_{i}||_{\mathrm{c}b}=||\beta_{i}||_{\text{ }b}(i=$




$||w||_{cb}||v||_{cb} \leq\max\{||\alpha_{i}||_{\text{ }b)}||\alpha_{2}||_{\mathrm{c}b}\}(||\beta_{1}||_{\mathrm{c}b}+||\beta_{2}||_{cb})\leq 2^{5/2}C||u||_{jcb}$
28. $E$ $E^{*}$ ,
Hilbert $H,$ $K$ $\mathrm{A}^{1}$ Hr\oplus K .
25
. $id_{E:}Earrow(E^{*})^{*}$ 27 $Earrow H_{r}\oplus K$ $arrow(E^{*})^{*}$
. $P:H_{r}\oplus K$ $arrow E$ .
$X\subset H\wedge’ Y\subseteq K$
$X=\{\xi\in H:\xi\oplus 0\in \mathrm{A}^{\mathrm{I}}\}$
$1=\{\eta\in K:0\oplus\eta\in E\}$
$E$ $X_{r}\oplus(E\cap(X_{f}^{\perp}\oplus Y_{c}^{\perp}))\oplus \mathrm{Y}_{c}$ .
$E\cap(X_{r}^{\perp}\oplus Y_{c}^{\perp})$ $\Gamma:(E\backslash X)arrow(F^{1}\backslash Y)$
. [2] Hr\oplus K
. $\square$
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